ABSTRACT: Our objectives were to determine pregnancy rate, fetal loss, and number of calves born in beef cattle after a fi xed-time transfer of an embryo 7 d after a fi xed-time artifi cial insemination (TAI) of cows (Exp. 1) and after transfer of 2 demi-embryos into a single heifer recipient (Exp. 2). In Exp. 1 after synchronization of ovulation, during 2 yr, 297 suckled beef cows were assigned randomly to 1 of 3 treatments: 1) on d 2 cows received a single TAI (TAI-2; n = 99), 2) a fi xed-time direct transfer, frozen and thawed embryo placed in the uterine horn ipsilateral to the ovary containing a corpus luteum (CL) on d 9 embryo transfer (ET-9; n = 99), or 3) cows received TAI on d 2 and a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a CL on d 9 (TWIN) treatments (n = 99). Fetal number and viability were determined with ultrasonography at 33 to 35 d and 90 to 100 d after insemination. In Exp. 2, 74 crossbred recipient heifers were assigned randomly to receive either 1) a single whole fresh embryo (WHOLE; n = 37) or 2) 2 identical fresh demi-embryos (SPLIT; n = 37) in the uterine horn ipsilateral to the CL 7 d after an observed estrus. Ultrasonography was used on d 33, 69, and 108 to determine presence and number of embryos or fetuses. Palpation per rectum was used to determine pregnancy status on d 180 of gestation and number of live calves was recorded at birth. In Exp. 1 pregnancy rates on d 30 to 35 were greater (P < 0.05) for TWIN-(48.5%) and TAI-2-(47.5%) than for ET-9-(33.3%) treated cows.
Of the 48 pregnant cows in the TWIN treatment, 21 were twin pregnancies whereas there was 1 twin pregnancy in the TAI-2 treatment. As a result, TWIN cows had more fetuses (P < 0.05) as a proportion of all treated cows (69.7%) than TAI-2-(48.5%) or ET-9-(33.3%) treated cows, and cows in the TWIN treatment gave birth to more (P < 0.01) calves (n = 55) compared with cows in the ET treatment (n = 23) whereas cows in the TAI-2 treatment (n = 40) were intermediate. In Exp. 2 heifers receiving SPLIT (81.1%) had greater (P < 0.05) pregnancy rates on d 33 than heifers receiving WHOLE (40.5%). Of the SPLIT heifers that were confi rmed pregnant at d 33 after transfer, 57% were gestating twin fetuses. Embryonic or fetal loss from d 33 to birth was greater (P < 0.01) in heifers in the SPLIT treatment (40.0%) compared with the WHOLE treatment (0.0%), but number of calves per female treated was greater (P < 0.05) in heifers in the SPLIT treatment (75.0%) compared with heifers in the WHOLE treatment (40.5%). We conclude that transferring an embryo into a cow 7 d after TAI did not increase the pregnancy rate in Exp.1. However, transferring 2 demi-embryos into a single heifer recipient increased pregnancy rate at 33 d of gestation whereas both methods of inducing twinning resulted in a greater number of calves per female treated. In addition, embryonic or fetal loss associated with unilateral twin pregnancies in heifers occurred at rates greater than those associated with single-fetus pregnancies.
INTRODUCTION
Inducing twins as a management strategy warrants consideration in beef herds. Cows raising twins weaned 51% more total weight compared with cows raising single calves (Davis et al., 1989) . In addition, feedlot profi t was US$19.53 greater for twins compared with singles and lifetime profi t advantage to twin calves was $64.68 greater compared with singles (de Rose and Wilton, 1991) . In spite of an increase in the incidence of retained placenta, dystocia, and perinatal mortality (Echternkamp and Gregory, 2002) , twinning increased the productivity of cows exposed at breeding by 24 to 28% (Guerra-Martinez et al., 1990; Echternkamp and Gregory, 2002) .
In a population of cattle selected for multiple ovulations, ovulation rate dictated frequency of twinning (Echternkamp et al., 2007) . Administration of pharmaceuticals to induce multiple ovulations may be an effective method of inducing multiple births (Turman et al., 1971; Mulvehill and Sreenan, 1977; Echternkamp, 1992) . However, neither long-term selection for nor hormonal induction of multiple ovulations controlled the number of oocytes fertilized. In addition, as fetal number increased, the effi ciency of maintaining pregnancy diminished (Echternkamp et al., 2007) . Modern estrous synchronization and embryo transfer has evolved to the point where fi xed-time AI (TAI) and embryo transfer (ET) may be performed with equal or greater success than cows detected in estrus. However, reports comparing TAI, fi xed-time ET, and a combination of TAI and fi xed-time ET have not been reported.
The use of ET and embryo-splitting technologies has potential to increase the number of twins produced in beef cattle with a reduced risk of inducing pregnancies of 3 or more fetuses compared with altering ovulation rates. In addition, bilateral transfer of embryos resulted in herd calf BW that were 79% greater in twinning cows compared with cows with a single calf (Guerra-Martinez et al., 1990) . The objectives of the current study were to determine whether transferring an embryo 7 d after TAI and whether transferring 2 demi-embryos into a single recipient would increase fertility and number of calves born among beef cattle.
MATERIALS AND METHODS
Management of all cattle for the duration of these experiments was in accordance with guidelines set forth in the Guide for the Care and Use of Agricultural Animals in Agriculture Research and Teaching (FASS, 1999) and all procedures were approved by the University of Minnesota's Institutional Animal Care and Use Committee.
Experiment 1 -Animals and Treatments
Two hundred ninety-seven suckled purebred Angus cows (yr 1, n = 144; yr 2, n = 153) were fed melengestrol acetate (MGA; 0.5 mg•head −1 •d −1 ) for 7 d with a 25-mg injection of prostaglandin F 2α (PGF 2α ; Lutalyse; Pfi zer Animal Health, New York, NY) on the last day of MGA (d -11) . Cows received 100 μg of GnRH (Factrel; Pfi zer Animal Health) 4 d after PGF 2α (d -7) followed in 7 d by an additional 25-mg injection of PGF 2α (d 0). Forty-eight hours later (d 2), all cows received 100 μg of GnRH and were assigned randomly to 1 of 3 treatments (Figure 1 ): 1) on d 2 cows received a single TAI (TAI-2; n = 99), 2) on d 9 cows received a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a corpus luteum (CL; ET-9; n = 99), or 3) cows received TAI on d 2 and a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a CL on d 9 (TWIN; n = 99). Body condition scores (scale of 1 to 9: 1= emaciated and 9 = obese; Whitman, 1975) were determined by an experienced individual on d -7, with a mean BCS of 4.9 ± 0.60 (mean ± SD) and a range of 3 to 7.
Frozen embryos for Exp. 1 were acquired from purebred Angus donor heifers and cows using nonsurgical embryo collection techniques. After embryo recovery, transferable embryos were graded according to guidelines set forth by the International Embryo Transfer Society (IETS; Savoy, IL). All embryos were frozen in 1.5 M ethylene glycol solution containing sucrose and 0.4% BSA (ViGro Ethylene Glycol Freeze Plus w/Sucrose; Bioniche Animal Health, Pullman, WA) for direct embryo transfer according to IETS guidelines. Of the 175 embryos transferred in the study, the average stage was 4.3 ± 0.9 (mean ± SD) and mean quality was 1.2 ± 0.7 (mean ± SD).
Transrectal ultrasonography (7.5 MHz linear array transducer; Aloka 500V; Corometrics Medical Systems, Inc., Wallingford, CT) was used to determine diameter of the dominant follicle on each ovary on d 2 and location and diameter of CL on d 9. The vertical and horizontal diameter of the largest follicle on each ovary on d 2 and CL on d 9 were measured and recorded. The ovulatory follicle was defi ned as the largest follicle pres- Figure 1 . Schematic of experimental protocol for cows receiving a fi xed-time artifi cial insemination (TAI-2), a fi xed-time embryo transfer (ET-9), or TAI on d 2 and a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a CL on d 9 (TWIN); Exp. 1. Melengestrol acetate (MGA) = 0.5 mg•head −1 •d −1 melengestrol acetate delivered in feed; PGF = 25 mg intramuscular injection of prostaglandin F 2α (PGF 2α ; Lutalyse; Pfi zer Animal Health, New York, NY); GnRH = 100 μg intramuscular injection of gonadotropin-releasing hormone (Factrel; Fort Dodge Laboratories, Fort Dodge, IA). ent on d 2 on the ovary ipsilateral to the CL that was present on d 9. Volume of luteal tissue was calculated using the formula V = 4/3πr 3 where r = one-half of the average of the vertical and horizontal CL measurements. In cases where CL had fl uid-fi lled cavities, the volume of the cavity was calculated and subtracted from the total volume of the CL, resulting in a value that refl ected the actual volume of luteal tissue present.
At the time of ET (d 9), a single experienced ET technician assigned each cow in the ET-9 and TWIN treatment a CL quality score: 1 = the CL had a palpable diameter of >10 mm and fi rm or moderately fi rm consistency (excellent), 2 = the CL had a palpable diameter of >10 mm and moderately fi rm texture (good), or 3 = a CL had a palpable diameter of ≤10 mm or a soft texture or both (poor). If a CL was not present at the time of examination the cow did not receive a CL score. For this experiment, all cows in the ET-9 and TWIN treatments received an embryo, regardless of whether a CL was present. In the 7 cases (3 ET-9 cows and 4 TWIN cows) in which a cow did not have a palpable CL or luteal tissue was not evident by transrectal ultrasonography, the embryo was placed in the uterine horn ipsilateral to the largest follicle present on the ovaries on d 2. In addition, 4 cows in the TAI-2 treatment did not have a CL present on d 9 evident by transrectal ultrasonography. In all cases, these cows subsequently failed to conceive to ET or TAI.
Blood samples (10 mL) were collected via jugular or coccygeal venipuncture on d -28, -18, 0, 2, and 9. Blood was refrigerated for 24 h after collection, centrifuged at 1,500 × g for 15 min at 4°C, placed in sample vials, and stored at -20ºC until analysis. Concentrations of progesterone in serum were determined by RIA (Coat-A-Count Progesterone, Diagnostic Products Corporation, Los Angeles, CA). The assay kit was validated for bovine serum (Kirby et al., 1997 ) using an assay volume of 100 μL. A standard curve was calculated using tubes containing 0.01, 0.025, 0.05, 0.2, 0.5, 1, 2, and 4 ng/tube, respectively. Assay sensitivity for a 100-μL sample was 0.1 ng/mL and intra-and interassay CV were 5.8 and 6.7%, respectively. Blood samples collected on d -28 and -18 were used to determine cyclic status at the initiation of treatments. When at least 1 of 2 blood samples had concentrations of progesterone ≥1 ng/mL, the cow was considered to be cyclic at the initiation of treatments. Blood was not collected from 15 cows and 30% of the remaining cows were cyclic at the initiation of the estrous synchronization protocol.
Initial pregnancy status and embryo numbers were determined between d 33 and 35 after AI and fi nal pregnancy status and fetal numbers were determined between d 90 to 100 after AI by transrectal ultrasonography (5.0 MHz linear array transducer; Aloka 500V).
Initial pregnancy rate was defi ned as the number of cows pregnant at d 33 to 35 divided by the number of treated cows whereas initial percentage of fetuses per treated cow was defi ned as the number of fetuses present at d 33 to 35 divided by the number of treated cows. Final pregnancy rate was defi ned as the number of cows pregnant to treatment at d 90 to 100 divided by the number of treated cows whereas fi nal percentage of fetuses per treated cow was defi ned as the number of fetuses present at d 90 to 100 divided by the number of treated cows.
Data collected at calving included gestation length, number of calves born, birth weight, sex, and subjective measures of calving ease (scale of 1 to 5: 1 = no assistance and easy birth and 5 = cesarean delivery) and calf vigor (scale of 1 to 5: 1 = extremely alert and lively and 5 = dead). Hair samples of single born calves in the TWIN treatment that were used as herd replacements were submitted to MetaMorphix, Inc. (MMI, Davis, California) for parentage determination.
Statistical Analysis
Procedures GENMOD and GLM (SAS Inst. Inc., Cary, NC) were used to analyze all categorical data, and procedure GLM was used to analyze noncategorical data. Means were separated by using the LSD in procedure GLM when a protected F-test (P ≤ 0.05) was detected by ANOVA.
Initial and fi nal pregnancy rates, initial and fi nal percentage of fetuses per treated cow, and fetal loss were analyzed with a model that included the effects of treatment (TAI-2, ET-9, or TWIN), parity (primiparous or multiparous), and the 2-way interaction, with BCS and days postpartum (DPP) as regression covariables. Year, AI sire, and AI technician were removed from the model after no differences were detected.
An additional model was developed to ascertain the effects of cyclic status on initial and fi nal pregnancy rates, initial and fi nal percentage of fetuses per treated cow, and fetal loss. The model included the effects of treatment (TAI-2, ET-9, or TWIN), parity (primiparous or multiparous), cyclic status, and the 2-way and 3-way interactions, with BCS and DPP as regression covariables. Year, AI sire, and AI technician were removed from the model after no differences were detected.
Size of the dominant follicle on d 2, volume of luteal tissue on d 9, and concentrations of progesterone were analyzed with a model that consisted of treatment (TAI-2, ET-9, or TWIN), parity (primiparous or multiparous), pregnancy status (pregnant or nonpregnant), and all 2-and 3-way interactions whereas BCS and DPP were included as regression covariables. Cows that did not have a CL present on d 9 were excluded from analysis of volume of luteal tissue.
Effects of CL quality score on size of dominant follicle, volume of luteal tissue, concentrations of progesterone, and pregnancy rate were analyzed for cows in the ET-9 and TWIN treatments. The model consisted of treatment (ET or TWIN), parity (primiparous or multiparous), CL quality score (1, 2, or 3), and all 2-and 3-way interactions, plus BCS and DPP were included as regression covariables. Cows that did not have a CL present on d 9 were excluded from this model.
Birth weight, gestation length, calving ease, and calf vigor were analyzed using Proc GLM. The model included the effects of calf number (single or twin), calf sex, and the interaction.
Experiment 2 -Animals and Treatments
One hundred twenty-one crossbred beef heifers were raised as ET recipients in a confi nement barn and fed to achieve a target BW of 386 kg at the time of breeding. Reproductive soundness examinations were performed on all recipient females 8 d before initiation of estrous synchronization. During the reproductive soundness exams, reproductive tract scores (RTS; 1 = uterine horn diameter of <10.0 mm and no palpable follicles; 2 = uterine horn diameter of 10.0 to 14.9 mm and follicles up to 8 mm; 3 = uterine horn diameter of 15.0 to 19.9 mm and follicles of 8 to 10 mm present; 4 = uterine horn diameter of 20.0 to 24.9, follicles >10 mm present, and CL possible; and 5 = uterine horn diameter of >25.0 mm, follicles >10 mm, and CL present; Anderson et al., 1991) , pelvic measurements (Rice and Wiltbank, 1972) , and BCS were determined. Recipients were synchronized by feeding MGA ( Of the 121 estrus synchronized heifers, 92 were observed to have been in estrus and 74 were assigned randomly and presented 7 d after estrus to receive either (Figure 2 ) 1) a single whole fresh embryo (WHOLE; n = 37) or 2) 2 identical fresh demi-embryos (SPLIT; n = 37). Embryos in the SPLIT treatment were bisected using an AB Technology Twinner System (AB Technology Inc., Pullman, WA). Ovaries of each recipient heifer were examined immediately before ET by transrectal ultrasonography (5.0 MHz linear array transducer; Aloka 500V; Corometrics Medical Systems, Inc.) to determine presence and volume of CL. The CL volume was calculated using the same method described for Exp. 1. Only recipients with a CL received embryos. Each demi-embryo pair from the SPLIT treatment was loaded into a single straw for transfer into recipients whereas the single embryo from the WHOLE treatment was loaded into a straw for transfer. Embryos from both treatments were transferred to the uterine horn ipsilateral to the ovary containing the CL using standard ET technique according to IETS.
Embryos for Exp. 2 were acquired from 15 purebred Angus heifers that received 2 injections (25 mg) of PGF 2α 11 d apart followed by the fi rst treatment of FSH 9 or 10 d after an observed estrus. Over 5 d, 320 IU porcine FSH (Pluset; Laboratorios Calier, S. A., Barcelona, Spain) was administered in decreasing doses every 12 h. Transferable embryos were graded according to guidelines set forth by IETS. Of the recovered embryos, 74 were classed as unfertilized, 45 as degenerate, and 74 as transferable. The mean number of transferable embryos recovered per embryo donor was 4.9 ± 5.0 (mean ± SD). The transferable embryos were categorized into the following quality grades: 33 grade 1, 30 grade 2, and 11 grade 3, and into the following stages: 42 stage code 4, 24 stage code 5, 7 stage code 6, and 1 stage code 7. Embryos were assigned to WHOLE and SPLIT treatments to ensure that embryo stage, grade, and donor were represented in each treatment. All embryos were transferred fresh into recipients within 4 h after recovery.
Presence and number of viable fetuses was determined on d 33, 69, and 108 of gestation via transrectal ultrasonography. On d 180 of gestation, palpation per rectum was used to determine pregnancy status. Number and sex of live calves born was recorded at parturition.
Statistical Analysis
Pearson correlations were calculated using the CORR procedure of SAS to determine the relationships among BW, RTS, and reproductive performance as well as the relationship among embryo quality, stage, transfer score, and reproductive performance.
Procedures GENMOD and GLM were used to analyze pregnancy rate and fetal number present on d 33 69, 108, and 180 as well as calving and incidence of pregnancy loss. The model included the effects of treatment (WHOLE or SPLIT) as well as BCS and RTS as regression covariables. Procedures GENMOD and GLM were used to analyze effects of embryo quality on pregnancy rates. The model included the effects of treatment (WHOLE or SPLIT) and embryo quality score (1, 2, or 3) and the interaction, plus BCS and RTS as regression covariables
Procedure GLM was used to analyze volume of luteal tissue present at the time of ET. The model consisted of treatment (WHOLE or SPLIT), pregnancy status (pregnant or nonpregnant), and the 2-way interaction, plus BCS and RTS as regression covariables.
One recipient female in the SPLIT treatment that died between d 33 and 69 was included in the analyses for pregnancy rate and fetal number analyses on d 33 but not for analyses on d 69, 108, and 180. Means of all analyses were separated by using the LSD in procedure GLM when a protected F-test (P ≤ 0.05) was detected by ANOVA.
RESULTS AND DISCUSSION

Experiment 1
Mean BCS (Whitman, 1975) was 4.9 with a range of 3.0 to 7.0. Mean DPP was 71.6 with a range of 28 to 105. Mean parity was 2.9 with a range of 1 to 11. For the remainder of the results cows were divided into 2 parity groups: primiparous and multiparous. Mean BCS was 5.4 ± 0.05 for primiparous and 4.7 ± 0.04 for multiparous cows whereas mean DPP was 79.1 ± 1.8 d for primiparous and 68.4 ± 1.2 d for multiparous cows.
Fertility to Treatments
Pregnancy rates on d 30 to 35 were greater (P < 0.05) for cows in the TWIN (48.5%) and TAI-2 (47.5%) treatments than for cows in the ET-9 treatment (33.3%). Of the 48 pregnant cows in the TWIN treatment, 21 were twin pregnancies (43.8% of pregnant cows or 21.2% of treated cows). A spontaneous twin pregnancy occurred in 1 cow from the TAI-2 treatment. Thus, cows in the TWIN treatment had greater (P < 0.05) number of fetuses per female treated (69.7%) compared with cows in the TAI-2 (48.5%) or ET-9 (33.3%) treatments. In addition, cows in the TAI-2 treatment tended (P = 0.08) to have more fetuses as a percentage of treated cows compared with cows in the ET-9 treatment. Transferring a frozen and thawed embryo to cows in the TWIN treatment 7 d after insemination resulted in pregnancy rates similar to those in cows receiving TAI. When a fi xed-time ET occurred 7 to 8 d after TAI, 58% of cows became pregnant (Sreenan et al., 1981) . Transfer of 2 frozen and thawed in vitro fertilized (IVF) or conventional embryos failed to improve pregnancy rates compared with transfer of a single frozen and thawed embryo (Numabe et al., 2000) and heat-stressed dairy cows receiving 2 fresh IVF embryos had similar pregnancy rates on d 64 compared with cows receiving a single embryo (Franco et al., 2006) . In addition, no difference in pregnancy rates existed among crossbred heifers receiving a single IVF embryo or 2 IVF embryos (1 of high quality and 1 of low quality) transferred either unilaterally or bilaterally (Reichenbach et al., 1992) .
A treatment × cyclic status interaction (P < 0.05) was present for fi nal pregnancy rates (Figure 3) . At the end of the breeding season, pregnancy rates to treatment were greater (P < 0.05) in cyclic cows in the TAI-2 treatment compared with cows in other treatment or cyclic status combinations. Cyclic and noncyclic cows in the TWIN treatment had greater (P < 0.05) pregnancy rates to treatment at the end of the breeding season compared with noncyclic cows in the ET-9 treatment whereas cyclic cows in the ET-9 treatment and noncyclic cows in the TAI-2 treatment were intermediate.
Final percentage of fetuses per treated cow was greater (P < 0.01) for cows in the TWIN treatment (55.6%) compared with cows in the ET-9 treatment (23.2%) whereas cows in the TAI-2 treatment (40.4) were intermediate. However, cows in the TWIN treatment tended (P = 0.07) to have a greater number of fetuses per treated female compared with cows in the TAI-2 treatment, which tended (P = 0.09) to be greater than that of cows in the ET-9 treatment.
A cyclic status × parity interaction was detected for initial and fi nal pregnancy and initial and fi nal percentage of fetuses per treated cow, respectively. Primiparous cows that were cyclic at the initiation of treatments had greater (P < 0.05) initial and fi nal pregnancy and initial and fi nal percentage of fetuses per treated cow compared with primiparous and multiparous cows that were not cyclic and cyclic multiparous cows (Table 1 ). In addition, no effects of BCS or DPP were observed when these variables were used as regression covariables in analyses of pregnancy rates or percentage of fetuses per treated cow.
Pregnancy loss between the initial and fi nal pregnancy examination was 20.3% (26 of 128) and was affected by a treatment × parity interaction (P = 0.013; Figure 4 ). Multiparous cows in the ET-9 treatment had greater (P < 0.05) pregnancy loss compared with cows in all other parity or treatment combinations with the exception of primiparous cows in the TAI-2 treatment, which were intermediate. In addition, a single fetus was lost between initial and fi nal pregnancy examinations in 5 of the 21 cows (23.8%) in the TWIN treatment originally determined pregnant with twins whereas the remaining fetuses survived to parturition.
Incidence of pregnancy loss from initial to fi nal pregnancy examination in Exp. 1 across treatments (20%) was greater than that observed in other reports Schafer et al., 2007) but similar to those reported for anestrous beef cows receiving MGA, GnRH, and PGF 2α (23%; Stevenson et al., 2003) . A high percentage (70%) of cows in the current study was not cyclic at the initiation of the estrous synchronization protocol, but cyclicity rates do not explain the increased embryonic loss in the ET-9 multiparous cows (43.5%). However, cows in the TWIN treatment did not experience greater pregnancy loss compared with cows in the TAI-2 or ET-9 treatments and treatment × parity differences in pregnancy loss are likely associated with insuffi cient observations more than a biological explanation.
Effect of Dominant Follicle Diameter on Day 2
A pregnancy status × parity interaction was present (P < 0.01) for diameter of dominant follicle on d 2. The diameter of the dominant follicle on d 2 was similar among primiparous (14.4 ± 0.54 mm) and multiparous cows that did not become pregnant (14.3 ± 0.31 mm) whereas the dominant follicle in primiparous cows that became pregnant (12.9 ± 0.56 mm) was smaller (P < 0.05) than the dominant follicle of multiparous cows that became pregnant (15.6 ± 0.37 mm). Primiparous cows that became pregnant had smaller (P < 0.05) follicles on d 2 compared with primiparous cows that did not become pregnant whereas multiparous cows that become pregnant had larger (P < 0.05) follicles compared with multiparous cows that did not become pregnant. In addition, the diameter of the dominant follicle on d 2 in primiparous cows that did not become pregnant tended (P = 0.07) to be smaller compared with dominant follicle of multiparous cows that become pregnant.
Corpus Luteum Dynamics and Concentrations of Progesterone
Volume of luteal tissue was calculated on d 9 in all cows. Volume of luteal tissue was similar (P = 0.73) among multiparous (7.0 ± 0.28 cm 3 ) and primiparous (6.8 ± 0.45 cm 3 ) cows and tended to be greater (P = 0.10) among cows that became pregnant (7.3 ± 0.35 cm 3 ) compared with those that did not become pregnant (6.5 ± 0.33 cm 3 ). In addition, no effects of treatment or Pregnancy loss from initial to fi nal pregnancy examination for suckled beef cows after receiving fi xed-time AI (TAI), a fi xed-time embryo transfer (ET-9), or cows that received TAI on d 2 and a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a CL on d 9 (TWIN) separated by parity; Exp. 1. Treatment × parity interaction (P = 0.05). x,y Means without a common superscript differ (P < 0.05). treatment interactions with parity or pregnancy status were present for volume of luteal tissue present. Table 2 illustrates the effects of CL score for cows in the ET-9 and TWIN treatments. Diameter of the largest follicle present on d 2 did not infl uence CL score whereas cows with a CL quality score of 1 or 2 had a greater (P < 0.05) volume of luteal tissue present compared with cows with a CL score of 3. In addition, cows with a CL score of 1 had greater (P < 0.05) serum concentrations of progesterone compared with cows with a CL score of 2, which were greater (P < 0.05) than cows with a CL score of 3. Pregnancy rates were greater (P < 0.05) in cows with a CL score of 1 compared with cows with a CL score of 3. In addition, pregnancy rate tended (P = 0.06) to be greater for cows with a CL score of 1 compared with those with a CL score of 2.
--------------------------------------%---------------------------------------
Concentrations of progesterone were greater (P < 0.01) on d 2 in cows that did not become pregnant (0.36 ± 0.04 ng/mL) compared with those that became pregnant (0.19 ± 0.04 ng/mL). In contrast, concentrations of progesterone on d 9 were less (P < 0.01) in cows that were not pregnant (2.38 ± 0.16 ng/mL) compared with those that were pregnant (3.06 ± 0.15 ng/mL). Effects of BCS or DPP on concentrations of progesterone on d 2 were not signifi cant (P > 0.10). However, the effects of BCS and DPP on concentrations of progesterone on d 9 were signifi cant (P < 0.05). For each one unit increase in BCS over the range of 3.0 to 7.0, concentrations of progesterone on d 9 increased (P < 0.05) by 0.41 ± 0.19 ng/mL. Similarly, for each 10 d increase in DPP over the range of 28 to 105, concentrations of progesterone on d 9 increased (P < 0.05) by 0.13 ± 0.06 ng/mL.
A similar number of cows in all treatments failed to have a CL present on d 9 and all cows without a CL present failed to become pregnant. Donor and recipient synchrony was not determined in the current study as timed ET was used; however, cows that did not respond to either the PGF 2α injection on d 0 or the GnRH injection on d 2 were likely out of synchrony with the donor cows and their respective embryo stages. Pregnancy rates were greatest when recipients were in heat at the same time as the donors or 12 h later (Donaldson, 1985) .
Calf Number and Calf Sex
Cows in the TWIN treatment gave birth to more (P < 0.01) calves (n = 55) compared with cows in the ET-9 treatment (n = 23) whereas cows in the TAI-2 treatment (n = 40) were intermediate. However, cows in the TWIN treatment tended (P = 0.07) to have more calves compared with cows in the TAI-2 treatment, which tended (P = 0.09) to have more calves compared with cows in the ET-9 treatment. Single born calves were heavier (P < 0.01) at birth (39.5 ± 0.46 vs. 33.7 ± 0.92 kg) and had longer (P < 0.01) gestation length (282 ± 0.50 vs. 274 ± 0.94 d) and more desirable (P < 0.01) calf vigor scores (1.25 ± 0.03 vs. 2.25 ± 0.20) compared with twin calves (Table 3) . Male calves had a greater (P < 0.05) gestation length and tended (P = 0.07) to have heavier birth weights compared with female calves. Neither calf number nor calf sex affected (P > 0.10) calving ease. Genotype data revealed that the parentage of 6 of the 20 single born calves (30.0%) sampled from the TWIN treatment corresponded to the embryo transferred whereas the parentage of the remaining 14 calves corresponded to the TAI-2 breeding (70.0%).
Parentage genotyping revealed that 6 of 20 single born calves from cows in the TWIN treatment were a result of ET. In 1 experiment, 6 of 10 calves were from an embryo transferred to the ipsilateral horn 7 d after AI, and in another experiment, 5 of 20 calves were from ET (Sreenan and Diskin, 1989) . When an embryo was transferred contralaterally to the CL present 7 d after AI, 4 of 17 single pregnancies were present in the contralateral horn after the fetus ipsilateral to the CL died (Sreenan et al., 1981) .
Experiment 2
Mean BCS of recipient heifers was 6.0 with a range of 4.0 to 7.5. Mean BW at the time of ET was 399 kg with a range of 329 to 452 kg. Mean RTS was 3.0 with a range of 2 to 5. Relative differences in heifer BW between treatments remained similar throughout the study. However, heifers with greater RTS values were heavier (P < 0.05) than those with lesser RTS values throughout Table 2 . Relationship among corpus luteum (CL) score and other variables for cows in the embryo transfer (ET-9) and or cows that received TAI on d 2 and a frozen and thawed direct transfer embryo placed in the uterine horn ipsilateral to the ovary containing a CL on d 9 (TWIN) treatments ( x,y,z Within a row, means without a common superscript differ (P < 0.05). 1 CL score: 1 = palpable diameter of >10 mm and fi rm or moderately fi rm consistency (excellent); 2 = palpable diameter of >10 mm and moderately fi rm texture (good); 3 = palpable diameter of ≤10 mm or a soft texture (poor).
2 P4 = progesterone.
the breeding season. Heifer BW determined throughout the experiment were correlated to RTS. In addition, ADG of heifers from 40 d before ET until 35 d after ET tended to be correlated (P = 0.05) to RTS. Pregnancy rates per recipient were greater (P < 0.05) for heifers in the SPLIT treatment on d 33, 69, and 108 of gestation compared with heifers in the WHOLE treatment and tended (P = 0.08) to be greater for heifers in the SPLIT treatment on d 180 of gestation ( Figure 5) . A similar number of recipients, however, calved in the SPLIT and WHOLE treatments. Percentage of calves born per treated female was greater (P < 0.05) for heifers throughout gestation for heifers in the SPLIT treatment compared with heifers in the WHOLE treatment and resulted in a greater number of calves born per recipient (Figure 6 ). Of the 30 pregnant heifers in the SPLIT treatment, 17 were twin pregnancies (57% of pregnant heifers or 46% of all heifers in the SPLIT treatment). Similarly, recipients receiving 2 fresh IVF embryos had greater pregnancy (52 vs. 43%) and birth rates (number of live calves per number of recipients; 47 vs. 33%) compared with those receiving a single embryo (Numabe et al., 2000) . In addition, cows receiving 2 fresh in vivo derived embryos had pregnancy rates similar (68 vs. 64%) to cows receiving a single embryo, but birth rates (number of live calves per number of recipients) were greater for cows receiving 2 embryos (76 vs. 56%; Numabe et al., 2000) . Although numerically greater, pregnancy rates were not different in dairy cows and heifers receiving demi-embryo pairs (53%) compared with those receiving a single whole embryo (40%; Holm et al., 1991) .
The total number of recipients in the SPLIT treatment that calved was 20 of 36 (55.6%), from which 27 calves were born. In the SPLIT treatment on d 33, 45 embryos were detected in 29 of 36 recipients. Therefore, 9 of 29 heifers (31.0%) failed to maintain a pregnancy from d 33 to parturition, and 18 of 45 embryos or fetuses (40.0%) from 10 recipients failed to survive from d 33 to parturition. The fate of the pregnancies of the 10 heifers in the SPLIT treatment confi rmed pregnant with twins at 33 d that experienced subsequent loss of 18 fetuses before parturition was as follows: 1) 1 heifer showed standing estrus on d 54, 2) 2 heifers experienced a single embryo reduction between d 33 and d 69 whereas the remaining fetus survived until parturition, 3) 2 heifers were determined nonpregnant on d 69, 4) 2 heifers were observed to have dead twins present on d 69 (for the data set they were considered nonpregnant on d 69), 5) 1 heifer lost both fetuses between d 69 and 108, 6) 1 heifer lost both fetuses between d 108 and d 180, and 7) 1 heifer experienced a late-term abortion of twin fetuses. Of 15 split embryos transferred as identical pairs, none resulted in live birth (Davis et al., 1989) and only 1 of 9 twin pregnancies produced by transfer of 2 IVF embryos resulted in a live birth (Reichenbach et al., 1992) . In dairy cattle, embryonic loss for twin pregnancies ranged from 25 to 29% whereas loss of single pregnancies ranged from 8 to 13% (Lopez-Gatius et al., 2004; Romano et al., 2007; Silva del Rio et al., 2009) . From initial examination between d 45 to 60 until calving, 26% of heifers and 25% of cows induced to twin with ET experienced fetal loss (GuerraMartinez et al., 1990) .
The majority of loss in Exp. 2 occurred from d 33 to d 69. Similarly, the majority of fetal loss in induced twin and triplet pregnancies occurred from d 38 to 57 (Izaike et al., 1991) . When 2 fresh IVF embryos were transferred to heat-stressed dairy heifers, pregnancy rates tended to decrease compared with transferring a single embryo; however, pregnancy status was determined on d 64 of gestation (Franco et al., 2006) . Weekly ultrasound examinations revealed the mean fetal age at the time of pregnancy loss in lactating dairy cows was 52 d for singleton pregnancies and 75 d for twin pregnancies and 75% of twin pregnancy loss occurred between d 68 and 90 (Lopez-Gatius et al., 2004) .
No differences (P > 0.10) existed in volume of luteal tissue among heifers that became pregnant (5.6 ± 0.37 1.25 ± 0.03 x 2.25 ± 0.20 y 1.79 ± 0.19 1.71 ± 0.12 m,n Within a factor, means without a common superscript tend to differ (P = 0.07). v,w Within a factor, means without a common superscript differ (P < 0.05).
x,y Within a factor, means without a common superscript differ (P < 0.01). 1 BIF standards, scale of 1 to 5; 1 = no assistance, easy birth and 5 = cesarean delivery (BIF, 2010) .
2 BIF standards, scale of 1 to 5: 1 = extremely alert and lively and 5 = dead. Five single and 6 twins died within 24 h of birth (BIF, 2010). Figure 5 . Pregnancy rates at various stages of gestation for heifers receiving either a single whole fresh embryo (WHOLE) or 2 identical fresh demi-embryos (SPLIT); Exp. 2. x,y Means within day of gestation without a common superscript differ (P < 0.05). a,b Means within day of gestation without a common superscript tend to differ (P = 0.08). cm 3 ) compared with those that remained nonpregnant (5.9 ± 0.46 cm 3 ). Embryo quality grade (-0.313) and developmental stage (-0.236) were negatively correlated to pregnancy status. In addition, reproductive tract score tended (P = 0.07) to be negatively correlated (-0.221) to ET score.
Experiments 1 and 2
Both experiments effectively demonstrated that although the number of recipients calving is similar among the induced twinning treatment and their respective controls, the number of fetuses per pregnancy and subsequent number of live calves per treated female was enhanced. In Exp. 1, 21% of treated cows became pregnant with twins whereas 46% of treated heifers became pregnant with twins in Exp. 2. When bilateral ET occurred with 2 embryos, 35% of cows and heifers treated calved with twins (Anderson et al., 1982) . Transfer of 2 embryos into purebred Angus recipients resulted in 16% of treated females calving with twins (Davis et al., 1989) . Crossbred recipient heifers receiving 2 IVF embryos had twinning rates on d 35 of 33 and 45% for unilateral and bilateral transfers, respectively (Reichenbach et al., 1992) . When demi-embryo pairs were transferred bilaterally, 26 to 28% of treated females were pregnant with twins upon examination on d 44 to 68 (Warfi eld et al., 1987) . Similarly, 24% of cows that received an embryo 7 or 8 d after insemination calved with twins (Sreenan et al., 1981) .
We observed that the incidence of pregnancy loss in females pregnant with twins relative to that of control treatments appears to be greater for heifers in Exp. 2 compared with cows in Exp. 1, indicating that heifers may have more diffi culty gestating unilateral twin pregnancies to term than cows. Uterine capacity limited the success of gestating twin fetuses in a single uterine horn in heifers, but the same effect was not observed in cows (Echternkamp et al., 2007) .
Five cows initially diagnosed as pregnant with twins in Exp. 1 subsequently lost a single fetus before the fi nal pregnancy examination whereas 2 heifers pregnant with twins in Exp. 2 subsequently lost a single fetus between d 33 and 69 and maintained the other to term. Single embryo reduction occurred in 11% of lactating dairy cattle with spontaneous twin pregnancies whereas 13% lost both fetuses (Silva del Rio et al., 2009) . Weekly ultrasound examinations revealed that 63% of dairy cows that experienced a single embryo reduction subsequently lost the remaining fetus (Lopez-Gatius and Hunter, 2005) . Recipients receiving half embryos had greater fetal loss from d 25 to 42 compared with recipients receiving whole embryos (Chagas e Silva et al., 2008) . Therefore, death of 1 embryo of twin fetus likely results in the death of the second fetus of the pregnancy. In Exp. 2, the incidence of recipient heifers losing a single twin fetus and maintaining the other occurred only between d 33 and d 69. Similarly, all cases of fetal mortality after d 60 in twin pregnancies resulted in the abortion or death of both fetuses (Lopez-Gatius and Hunter, 2005 ).
An alternative approach to the models tested in the current study to reduce fetal loss would be to generate bilateral twin pregnancies. Pregnancy loss was greater in both spontaneously occurring (Lopez-Gatius and Hunter, 2005; Echternkamp et al., 2007) and experimentally induced (Rowson et al., 1971; Reichenbach et al., 1992) unilateral twin pregnancies compared with bilateral twin pregnancies. No differences were noted in crown-rump length of fetuses in relation to fetal number or location (unilateral or bilateral) at slaughter on d 35 of gestation (Newcomb et al., 1980) whereas the number of cotyledons was greater in bilateral compared with unilateral twin pregnancies (Rowson et al., 1971) .
We conclude that transferring an embryo into a cow after TAI did not increase the pregnancy rate in Exp. 1 but that transferring 2 demi-embryos into a single heifer recipient increased pregnancy rate at 33 d of gestation. However, both methods of inducing twinning resulted in a similar proportion of females calving among treatment groups but a greater proportion of calves per female calving. In addition, embryonic or fetal loss associated with unilateral twin pregnancies in heifers occurred at rates greater than those associated with single-fetus pregnancies. Fetal pregnancy rates at various stages of gestation for heifers receiving either a single whole fresh embryo (WHOLE) or 2 identical fresh demi-embryos (SPLIT); Exp. 2. x,y Means within day of gestation without a common superscript differ (P < 0.05)
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